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RGB Multicolor Element 

Sony Corporation Central Research Center 

KIJIMAYasunori 

1. Introduction 

An organic electroluminescence element (organic EL element) has 
characteristics of low voltage driving, self-light emission, thinness, and the 
like and receives much attention as a candidate for the next-generation flat 
panel display. Forty companies or more private enterprises including leading 
electric equipment manufacturers, chemical companies, and the like besides 
universities within the country participate in research of the organic EL, and 
research and development has been actively performed. An 
electroluminescence phenomenon due to an organic compound arose from 
discovery of light emitting phenomenon by anthracene single crystal in the 
first half of 1960s, and has been studied as a basic study of carrier 
implantation into an organic material for a long time. However, after Tang 1 * 
and others of Kodak published in 1987 a stacked type organic 
electroluminescence element having an amorphous light emitting layer which 
enables driving with low voltage and light emission with high luminance, 
research and development has been performed actively having an object of a 
practical use 2 * t0 5 \ A factor of success of Tang and others is to stack a hole 
transferring layer and an electron transferring light emitting material in order 
over an ITO electrode, and to form a recombination face for performing 
efficiently recombination of an electron and a hole, and many of researches at 
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present are performed by using this basic single hetero type element structure. 

A green light emitting element of which lifetime is already over ten 
thousand hours 6) is in a commercialized stage; however, blue and red light 
emitting materials are still in research and development stage, and a material 
having high color purity, high luminance, and high light emitting efficiency is 
desired. 

We started research having an object of verifying the possibility of 
full-color display in future of an organic EL element. Various kinds of 
methods are proposed for RGB multicoloring, such as an active matrix using 
TFTs, multicoloring using a structure of a micro-resonator, a method of 
combining color filters with white light emission, or a method of using CCM 
for blue light emission. We paid attention to respects that a pattern of an EL 
element in which a simple matrix constitutes RGB was formed with a simple 
structure and has high light emitting efficiency in principle, and performed 
investigation in such a manner. We were backward in starting research; 
however, we could publish for the first time about RGB light emission in a 
simple matrix of an organic EL element, entitled 'RGB light emission of an 
organic LED simple matrix element' in the 56 th lecture meeting of the union 
allied with the Japan Society of Applied Physics (the autumn session in 1995) 
7) . The characteristics required for an organic EL element constituting a 
multicolor element is described, mainly about simple matrix light emission of 
an 8 x 9 (3RGB) multicolor element using a new blue light emitting material 
in which the color purity is improved in the present lecture. 
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2. An organic EL element constituting a multicolor element 
1) A basic element structure 

An organic electroluminescence element has a structure which basically 
interposes an organic layer between an anode and a cathode, characterized in 
that the organic layer has the following functions: 

(1) having hole implanting, and transferring layers 

(2) having a recombined layer of a light emitting layer 

(3) having electron implanting, and transferring layers. 

Of course, it does not matter whether one layer combines all the 
aforementioned conditions. Besides, there are various manufacturing 
methods of the organic layer, and the various methods can be suggested such 
as a vacuum evaporation method, a polymer distributed spin coat method, or a 
screen printing method; however, since lowering of light emitting efficiency 
and shortening of lifetime due to the influence of moisture, oxygen, or the like 
are reported, ideally, it seems desirable to exclude the influences of those 
entirely. Therefore, all the elements for experiment used in the present 
lecture are low-molecular evaporation series manufactured by a vacuum 
evaporation method which seems that there is relatively few influence of 
those. 

An element structure can be classified roughly into a single hetero type 
and a double hetero type. Fig. 1 shows a basic double hetero structure. 
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Fig. 1 A basic element structure of a double hetero type 



A transparent electrode made of indium tin oxide (ITO) is normally 
used for an anode to take out the light emission to the outside. A metal 
material having low work function is used for a cathode material in order to 
implant electrons into a light emitting layer efficiently. Metal in which 
alkali earth metal is main is considered specifically, for example simple metal 
such as Ca, Ba, Mg or Li; AlLi or MgAg alloy; or the like. 

An insulating layer for pattern formation is essential for manufacturing 
a simple matrix, and when SiC>2 of a typical insulating material is used for the 
insulating layer, it is difficult to obtain uniform light emission due to a leak 
current caused by a pin hole or the like. As a result of investigation, we 
resolve this problem by patterning using an organic material for an insulating 
material. Since the material used is a kind of photopolymer, an edge of the 
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insulating layer is to be smooth, so that a leak current from the edge is 
prevented, and consequently the insulation between an evaporated cathode 
and the ITO can be obtained. 

2) An organic material used for a multicolor element 

In the case that an RGB multicolor element is manufactured, after 
m-MTDATA and TPD which are generally used for a hole transferring 
material are stacked over an ITO substrate, electron transferring light emitting 
materials are stacked with respect to respective colors of RGB. 

Alq3 of an alumiquinoline complex was used for a green color. Alq3 as 
a host material was doped with DCM of a laser pigment as a guest material in 
a red color. In a blue color, as a result of investigation having an object that 
a blue color light emitting element is obtained by using a blue color light 
emitting material having electron transference, a zinc binuclear complex 
Zn2(oxz)3Cl (tris[2-(2-hydroxyphenyl)benzoxazolato]dizinc(II)chloride) of the 
electron transferring blue color light emitting material having an unique 
structure where three ligands are combined to two zinc atoms could be 
developed. The structure of Zn 2 (oxz)3Cl is a binuclear complex structure 
shown in Fig. 2, and the maximum absorption wavelength in a solution of 
synthesized Zn2(oxz)3Cl was 370 nm and the maximum fluorescence 
wavelength was 460 nm. 
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Fig. 2 An organic material used for manufacturing an RGB 
multicolor element 

3) Manufacturing of a multicolor simple matrix 

A substrate used for manufacturing of an 8 x 9 (3RGB) simple matrix is 
formed in such a way that eight ITOs are formed as electrodes on the line side 
each having a width of 2.0 mm and at intervals of 0.54 mm, and then ten 
insulating layers each having a width of 1.0 mm and at intervals of 1.54 mm 
are formed on the column side over a glass substrate of 30 mm square. 
Therefore, a light emitting region of one EL cell is 1.54 x 2.0 mm 2 , and an 
aperture rate is 52.6%. 
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An organic layer and a metal cathode electrode were vacuum evaporated 
by a resistance heating method under the degree of vacuum of 1 x 10" 6 Torr or 
less over this ITO substrate to manufacture an organic EL element. Three 
masks used for evaporation of the organic layer and the cathode electrode are 
prepared for RGB, and an RGB matrix is completed in one continuous vacuum 
process by exchanging the masks in vacuum. 

After m-MTDATA was evaporated to have a thickness of 700 A over the 
ITO substrate, TPD was evaporated to have a thickness of 200 A, so that a 
hole transferring layer was formed. A film thickness of the light emitting 
layer is 500 A, and respective RGB were evaporated with G: Alq 3 , B: 
Zn 2 (oxz)3Cl, R: Alq 3 +DCM. The evaporation was performed at a 
concentration gradient so that the DCM concentration of Alq3+DCM becomes 
highest on the interface with the hole transferring layer and the DCM 
concentration is decreased as a film thickness of the light emitting layer 
becomes thick. Subsequently, aluminum was evaporated as a cathode. An 
evaporation control current was controlled so that the speed of evaporation is 
up to 3 A /s in the organic layer and up to 10 A /s in the cathode. Fig. 3 
shows a schematic diagram of a manufactured simple matrix. 
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Fig. 3 A schematic diagram of a RGB simple matrix 



4) A cathode electrode and rectification property 

The characteristics required for an EL cell to drive a simple matrix are 
to keep enough insulation against a reverse voltage. Difference between a 
single cell and a simple matrix cell is that the reverse voltage is necessarily 
applied to each EL cell in the simple matrix. As far as the characteristics 
against this reverse voltage in the single cell are not the characteristics that 
make the reverse current stop almost completely, cross talk is generated in the 
simple matrix, which is a fatal defect for a display. 

We at first used MgAg as a cathode which can manufacture an EL cell 
having a low threshold voltage of light emission, and high light emitting 
efficiency. However, with reference to the EL cell using MgAg, 
characteristics in a forward direction were satisfactory, but the insulation of a 
reverse direction was extremely unsatisfactory, so that a current flowed from 
comparable voltage to that of the forward direction. As the result, the cross 
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talk was generated, the current was concentrated on G having the highest light 
emitting efficiency and low threshold voltage of light emission among cells 
composing respective colors of RGB, and G had peculiarly high luminance 
and was lit to be a cross shape. As a result of investigation relating to a 
cathode material, it was found that aluminum or an alloy of aluminum has the 
excellent characteristics in respect of rectification property. A cause that the 
rectification property of an MgAg electrode is inferior, which is not made 
clear, is considered to lie in an effect of Ag. The cause is supposed that the 
work function of Ag or an alloy of MgAg is comparable to that of ITO. 

The current hardly flows up to about -20 V by using aluminum as a 
cathode electrode and the rectification ratio of about 10 5 was obtained 8 * as 
shown in Fig, 5. Furthermore, the forward direction characteristics are 
improved in an alloy of AlLi series, and the rectification ratio of about 10 is 
obtained 9 *. 
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Fig. 4 Difference of rectification property of an EL cell 
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Fig. 5 Rectification property in an AlLi alloy electrode 
(cell structure: TPD/ Alq 3 / AlLi alloy electrode) 

5) Characteristics required for an EL element composing a multicolor element 
With reference to the required characteristics to an EL cell, in the case 
that a simple matrix of a single color is constituted, an EL cell only needs to 
have characteristics of excellent rectification property and low light emitting 
threshold voltage. The EL cell only needs to obtain enough luminance at 
application of a forward direction voltage and keep the rectification property 
at application of a reverse direction voltage which is equal to the application 
voltage. However, it is further required that characteristics such as the 
rectification property, the light emitting threshold voltage or current-voltage 
characteristics of respective colors of RGB are almost equal in the RGB 
multicolor simple matrix. 
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Fig. 6 (m+l)(n+l) matrix and an equivalent circuit 



As shown in Fig. 6 here, in the case that an electrode switch on Row 
side is made to float in (m+1) x (n+1) simple matrix elements, a voltage is 
applied to all the cells even when a current is fed to one element. Then, the 
number of cells which do not exist on the same matrix as the element to which 
this voltage is applied is m x n, and all of them are connected in parallel and 
the voltage is applied in the reverse direction. Accordingly, a value which is 
about one digit larger than the number of matrix pixel is requested as the 
rectification ratio of the EL device. When the characteristics of rectification 
property are extremely different in respective colors of RGB, the 
characteristics of the simple matrix is decided by the element having the worst 
characteristics. The luminance of the EL is almost in proportion to a current, 
which is controlled by a driving circuit of current control type; however, it is 
also difficult to control the current by an external driving circuit when there is 
a large difference in the current-voltage characteristics and the light emitting 
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threshold voltage. 

Besides, as another important problem is given that voltage decreases in 
a line direction in the case of using an ITO electrode. In the case of 
manufacturing the simple matrix, the problem of this voltage decrease 
necessarily arises. The quantity of this voltage decrease is decided by many 
factors such as resistivity of the ITO electrode or a surface condition of ITO, 
and the voltage decrease of several V exists in an 8 x 9 (3RGB) simple matrix 
manufactured by the way of trial this time. It is required to improve an ITO 
substrate, the external driving circuit or the like for preventing this voltage 
decrease. When these problems are resolved, and if the rectification ratio of 
10 8 obtained in G from a result of Fig. 5 is obtained in the remaining R and B 
in the same way, the RGB multicolor simple matrix having the number of 
pixels of about 10 7 can be manufactured. 

3. Characteristics of an RGB multi-color simple matrix 

1) Characteristics of a blue color light emitting element using a zinc binuclear 
complex blue color light emitting material (Zn2(oxz)3Cl) 

A blue color light emitting element portion of an RGB multicolor 
simple matrix was formed by using Zn 2 (oxz) 3 Cl for an electron transferring 
light emitting layer. The characteristics of the blue color light emitting 
element were that light emission started from at 4 V of a direct current, and 
the light emission at 10 V was 200 cd/m 2 with CIE (0.17, 0.17). Since the 
maximum light emitting wavelength was 460 nm that is the same as the 
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maximum fluorescence wavelength in a solution, it seemed to be light 
emission from an excited singlet state. The chromaticity has been improved 
compared with (0.21, 0.27) of a mononuclear zinc complex Zn(oxz)2. Fig. 7 
shows light emitting spectrums of respective colors of RGB, and Fig. 8 shows 
a CIE chromaticity diagram. As shown in Fig. 8, the respective 
chromaticities of RGB were R (0.62, 0.36), G (0.32, 0.53), and B (0.17, 0.17). 
This result shows that an organic EL can perform full-color display by a 
simple matrix without color filters; however an obtained triangle of RGB is 
smaller than that of the NTSC standard, so that further improvement of 
chromaticity will be required by performing doping or the like. 
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Fig. 7 Light emitting spectrum of respective colors of RGB 
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Fig. 8 CIE chromaticity diagram 



When this multicolor RGB simple matrix was entirely lit intermittently 
at the video rate (duty ratio is 1/256, and intermittent lighting is 63,5 ^S), the 
respective colors obtained the luminance of 10 cd/m 2 or more. It is 
equivalent to that the peak luminance of each color is 2500 cd/m or more. It 
is required to improve the light emitting efficiency, the maximum luminance 
or the like in a single cell of respective colors of RGB in order to obtain 
further high luminance. 

4. Conclusion 

An 8 x 9 (3RGB) multicolor simple matrix of which pixel size is 1.54 x 
2.0 mm 2 was manufactured by a vacuum evaporation method in order to 
investigate a possibility of full-color display using an organic EL element. 
Zn2(oxz) 3 Cl of a blue color light emitting material showed satisfactory blue 
color light emission having CIE (0.17, 0.17) and the maximum light emitting 
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wavelength of 460 nm. When this multicolor simple matrix element is 
entirely lit intermittently at the video rate, the respective colors obtained the 
luminance of 10 cd/m 2 or more, which is equivalent to that the peak 
luminance of respective colors is 2500 cd/m 2 or more. These results show 
that the organic EL can perform full-color display by the simple matrix 
without color filters. 

The organic EL element composing the simple matrix is required to 
have the characteristics having satisfactory rectification property, and the 
rectification ratio of about 10 8 was obtained by using aluminum or an alloy of 
aluminum for a cathode. Furthermore, the organic EL element composing 
the multicolor is required to have the characteristics that the rectification 
property, the light emitting threshold voltage, the current-voltage 
characteristics or the like in respective colors of RGB are almost equal, and it 
is desired to improve the characteristics of respective colors of RGB in order 
to make luminance high. 
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